Introduction
Childhood fear of dental treatment is prevalent and a common reason for referral to specialist paediatric dental services 1, 2 . Such fear may manifest in many ways, including refusal to cooperate with treatment. It is commonly found in young children (e.g., preschool), those who have had a previous negative experience, or who have been unprepared, or have a family history of attending irregularly [1] [2] [3] [4] [5] . For many of these children, sedation, general anaesthesia, and/or restraint are excellent at enabling dental treatment to be performed 6 , even though such approaches are unlikely to help the child overcome their fear in the long term as they do not provide a learning opportunity.
Psychological approaches are known to rehabilitate fearful adults, to be less invasive and preferred by families [7] [8] [9] [10] . Cognitive behaviour therapy (CBT) is already known to be beneficial in treating dental anxiety and phobia in adults 8, 9 . The CBT technique combines both behavioural (systematic desensitisation and relaxation) and cognitive (cognitive restructuring) interventions 10 . A previous study showed that 79% of adults with dental phobia accepted dental treatment without sedation 11 and there are randomised controlled trials, meta-analyses 13 , and a systematic review of CBT in adult dental patients 8 .
Cognitive behaviour therapy provides a complementary approach to the provision of pharmacological interventions for children with high levels of dental anxiety, and there are randomised controlled trials regarding CBT for treating dental anxiety and/or dental phobia in children 9, 12 . A recent systematic review reported that CBT is effective in reducing general anxiety in children 14 . However, there is no systematic review of the effect of CBT for paediatric dental patients. The aim of this systematic review was to determine to what extent CBT produces a reduction in dental anxiety and dental phobia in children.
Materials and methods
This systematic review was registered in the PROSPERO database (PROSPERO 2016: CRD42016043996). To report this systematic review, the recommendations of Preferred Reporting Items for Systematic Reviews and Meta-Analysis -PRISMA 15 were followed.
Eligibility criteria
The eligibility criteria were based on PICOS (population, intervention, comparator, outcomes, and study design) strategy, as follows:
(1) population: paediatric patients up to 18 years with dental anxiety or dental phobia. Dental anxiety must be measured by means of validated psychometric scales, whereas dental phobia must be diagnosed according to psychiatric criteria; (2) intervention: cognitive behaviour therapy; (3) comparison: control conditions (placebo or no treatment), basic and advanced behaviour guidance techniques such as distraction and sedation; (4) outcomes: level of dental anxiety, acceptance of dental treatment, and acceptance of CBT; and (5) studies: randomised controlled trials (RCT) without restriction in regard to date of publication, publication status, and language.
Search strategy and information sources
A systematic search was developed using controlled vocabulary (MeSH -Medical Subject Headings and DeCS -Health Sciences Descriptors), synonymous, related terms, and free terms regarding paediatric patients, dental anxiety, and cognitive behaviour therapy.
The search strategy was modified according to the syntax rules of each database (Table 1) 
Study selection and data collection process
Two independent and calibrated reviewers (HSGR and KAV) performed study selection. The software program EndNote â (EndNote X7, Thomson Reuters, New York, USA) was used to remove duplicated references. The two reviewers were trained and calibrated by means of applying eligibility criteria to 10% (n = 60) of titles/abstracts of the retrieved studies, and reached perfect agreement (j = 1.0). Next, these reviewers screened independently the remaining titles and abstracts to select potentially relevant trials. Full text of the articles considered included by at least one reviewer was read independently to check for eligibility criteria. Discrepancies regarding inclusion/exclusion of a study were resolved by a third reviewer (LRC).
After the selection study step, a data extraction form was developed and pilot-tested. Two independent reviewers (HSGR and KAV) collected the following data in duplicate: study identification; participants' characteristics; description of intervention and comparison; dental procedure; outcome measure; results. Disagreements were solved by consensus.
Risk of bias of included studies
Two independent reviewers (HSGR and KAV) assessed in duplicate the risk of bias in each included study, according to the Cochrane 17 . The selected trials were assessed for the risk of bias considering all the key domains and were categorised as low (low risk of bias in all domains), unclear (if unclear for one of the domains), or high (if high risk for one of the domains). Disagreements were resolved by consensus.
Data synthesis
Clinical heterogeneity and methodological heterogeneity were explored to check whether a meta-analysis could be performed. There was substantial clinical heterogeneity among studies, due to the different types of comparators described and the wide range of outcome measures. Given that, data were not similar enough to be combined in meta- analysis. Thus, a narrative synthesis is provided by means of text, tables, and figures. The quality of the evidence for all outcomes was judged according to the Grading of Recommendations Assessment, Development and Evaluation (GRADE) approach. This approach enables to judge the quality of body of evidence based on study design, risk of bias, imprecision, inconsistency, indirectness, and other factors, as publication bias 18 .
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Study selection
A total of 1078 studies were identified throughout search. After the removal of duplicates, 677 remained. Among them, 662 studies were removed after screening of titles and abstracts, and the main reasons to exclusion were non-issue related (n = 609) and non-RCT (n = 35). Among 15 potentially eligible studies, six were included in this systematic review (Fig. 1) .
Characteristics of included studies
All six studies finally selected for the review were published in English between 1980 and 2017: two were performed in the United States, one in Jamaica, one in Iran, one in Norway, and one in Sweden. The included studies involved 269 patients with the age range from 41 months to 18 years ( Table 2) .
The number of sessions in which CBT was applied varied among studies from one 9, 19, 20 to 10 sessions 21 . In half of studies 9, 19, 20 , CBT was applied in one session: in one 9 , CBT was administered for an average of 16 min prior to dental treatment, through modelling, relaxation training, and positive self-talk; in the other two 19, 20 , CBT was applied through relaxation, distraction, and calming self-talk.
Cognitive behaviour therapy was compared to conventional behavioural management techniques 9, 21 , N 2 O/O 2 9,21 , sedation 21 , general anaesthesia 21 , non-intervention 19, 20 , sensory information 19 , modelling 22 , information dissemination 22 , and waiting list 22, 23 . The outcomes assessed were mostly selfreport and behavioural observations. All trials evaluated treatment effects on anxiety/fear and on cooperation/behaviour. Anxiety was measured using the Venham Clinical Anxiety Scale (VCAS) 9 , the Venham Picture Test (VPT) 9, 19, 20 , Structured Clinical Interview for Dental Anxiety (SCI-DA) 21 , the State-Trait Anxiety Inventory for Children (STAIC) 22 , and physiological measures 19, 20, 22 . Fear was measured using the Children's Fear Survey Schedule-Dental Subscale (CFSS-DS) 21, 23 , the Intra-oral Injection Fear Scale (IOIF-s) 23 , and the Mutilation Questionnaire for children (MQ-c) 23 . Cooperation was measured using the Venham Clinical Co-operation Scale (VCCS) 9 , the Modified version of Behavior Profile Rating Scale (MBPRS) 20 , the Behavior Rating Scale (BRS) adapted from Machen and Johnson
22
, the Behavior Profile Rating Scale 19 , and the child's level of cooperation and anxiety on a seven-point scale, and the child's general response to the anaesthetic injection was recorded 19 . Two studies 21, 23 evaluated the behavioural avoidance to dental clinical situations by means of the behavioural avoidance test (BAT). All studies sought the children's perception of their anxiety.
Risk of bias
Based on all key domains, two studies were found to have high risk, and the others had unclear risk (Fig. 2) . In regard to specific domains, 'blinding of participants and personnel' was judged as unclear in three studies, low in one and high in two. Half of the studies were judged as low risk for the domain 'blinding of outcome assessment'. Almost all trials had low risk for the domain 'incomplete outcome data'. All studies were classified as low risk of bias in domains 'selective reporting' and 'other bias'.
Evidence synthesis
In five studies 9, 19, [21] [22] [23] , CBT showed significant decreased levels of anxiety/fear compared to controls, regardless of the method used to evaluate anxiety/fear 9, 19, [21] [22] [23] or the evaluation time of CBT after receiving the treatment 21, 22 . Similarly, three studies 9, 19, 20 reported a positive effect of CBT on CBT for dental anxiety in children 425 cooperation/behaviour and two studies 21, 22 showed improvement on avoidance behaviour to dental clinical situations. However, for both of these outcomes, the level of evidence was low, given the data imprecision (Table 3) .
Discussion
This study reviews the current evidence of the effectiveness of CBT for children with dental anxiety or dental phobia. The systematic review of the evidence shows that CBT resulted in lower levels of anxiety and better cooperation/behaviour compared to various other behavioural management techniques, thus it may be effective in helping children to cope with dental anxiety. Although repeated graded exposure is a core technique of CBT, in three studies, CBT was performed in only one session. In fact, two previous reviews in adults had demonstrated that CBT could be delivered in fewer sessions, without affecting a successful outcome 24, 25 . Published studies differ from each other in the phases of CBT that were applied as follows: relaxation and distraction 9, 19, 20 ; modelling and positive self-talk 9 , calming selftalk 19, 20 ; and exposure-based multicomponent treatment, exposure-based coping skills training conditioning, and no exposure-based coping skills training conditioning 22 . Adult studies have also suggested that CBT was effective at reducing dental anxiety regardless of the format of delivery 24 .
In almost all of the trials reviewed in this study, patients who received CBT experienced lower anxiety and/or better behaviour than those who received other behaviour management techniques. The findings from the single study 22 that did not find a difference between groups in regard to behaviour may be explained by the fact that in this trial participants underwent simulated dental treatment instead of real-life procedures. One of the six trials that was included in this systematic review showed no difference between the groups on the level of anxiety but in this study 19 , anxiety was measured using the VPT, a self-reported scale, whereas other studies 
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• BAT: superior improvement in group A compared to B after the treatment and at 1-year follow-up (P < 0.05).
• SCI-DA: more participants in the CBT group did not meet diagnostic criteria for dental anxiety after and at 1-year follow-up (P < 0.05)
• CFSS-DS and SEQ-SP: reduction of fear and increased self-efficacy favouring group A at after treatment and at 1-year follow-up (P < 0.05) CBT for dental anxiety in children 427 Although there were differences between the studies regarding the type of dental treatment performed, in general, CBT showed its efficacy in improving cooperation and reducing dental anxiety of children. Despite differences between studies on how anxiety was evaluated, the various scales that were used are well known and validated. Studies have also demonstrated better results using CBT techniques compared to other kinds of behaviour management regardless of methodology 8, [25] [26] [27] . Physiological measures such as heart rate 20 and radial pulse 19, 22 were used to evaluate the CBT technique. No difference was found among the groups when those variables were considered; this may be the result of CBT having differential effects on the cognitive and physiological aspects of anxiety. That is, patients continue to experience a physiological state of arousal but learn to label this in a more positive way. Such changes in cognition are a core component of CBT. It is recommended that physiological measures should be used in combination with psychometric measures to assess anxiety, given that multiple assessments provide a richness of data that cannot be obtained from relying upon a single method of assessment 28 . One study evaluated CBT compared to sedation using nitrous oxide/oxygen 9 . The results of both were similar which could be a great alternative for uncooperative children once it is indicated to interweave both techniques 11 . It can be mentioned that despite the initially expensive cost of CBT, as the intervention may allow the patient to be treated without sedation in the future, this can lead to a reduction in long-term health costs 11 . For all studies, the reporting of the methodology is limited, as evidenced by the Cochrane Collaboration's Tool for Assessing Risk of Bias in Randomized Trials 17 . In Fig. 2 . Risk of bias. CBT for dental anxiety in children 429 particular, the description of the manner of randomisation was limited, and there was no reporting of the methods of allocation concealment. Among all domains of risk of bias, the one that showed higher occurrence of high risk was 'blinding of participants and personnel'. These methodological biases suggest caution in the interpretation of the results.
Self-Efficacy
There are some limitations of this systematic review; firstly, even though all efforts were made to find all relevant articles, publication bias cannot be ruled out, and secondly, despite only randomised controlled trials being included, as these are considered to be the gold standard design for intervention studies, these trials have some limitations in their own right that might impact on our findings, such as small sample sizes. In spite of this, we attempted to reduce potential biases and minimise errors by following strict criteria 16 to perform this systematic review.
This systematic review has found that the quality of evidence for CBT for children with dental phobia or dental anxiety is low. As the six selected studies included children's selfreport on their anxiety but restricted their data collection for a short period of time, more randomised clinical trials that include long-term follow-up and assess other outcomes such as oral-health-related quality of life and satisfaction with the dental treatment are needed.
Why this paper is important to paediatric dentists • This study points to the evidence in favour of the use of CBT for the reduction in anxiety and the enhancement of cooperation amongst children in the dental setting.
